The Use of Polar Organic Chemical Integrative Samplers (POCIS) for Monitoring of Pharmaceuticals and Personal Care Products in Water Matrix: Trends From 2016 to 2020 by Nitti, Fidelis
 
jurnal βeta kimia 
e-ISSN: 2807-7938 (online) dan p-ISSN: 2807-7962 (print) 
Volume 1, Nomor 2, November 2021 




Halaman | 117  
 
 
 The Use of Polar Organic Chemical Integrative Samplers (POCIS) for 
Monitoring of Pharmaceuticals and Personal Care Products in Water 




1Department of Chemistry, Faculty of Science and Engineering, University of Nusa Cendana 
Jl. Adi Sucipto, Kupang, NTT 85001, Indonesia 




15 Oktober 2021 
Revisi: 
25 Oktober 2021 
Diterima: 




personal care products 
(PPCPs), passive 
sampling, POCIS  
Abstract- Monitoring the concentration of pharmaceutical and personal care products 
(PPCPs) in the water system is essential, particularly in estimating the risk associated with 
their toxicity to the aquatic organism and humans. However, the significant challenge 
associated with using active sampling techniques (discrete and continuous) has been its 
complex procedure, high cost of operation, and lack of sensitivity and reliability, 
particularly in aquatic environments with a highly dynamic concentration of PPCPs. 
Passive sampling techniques have recently received increasing attention as an alternative 
tool in monitoring PPCPs as it offers significant advantages compared to the active 
sampling techniques. The present review summarizes the current literature on applying 
passive sampling techniques in monitoring PPCPs in an aqueous matrix from 2016 to 2020. 
More importantly, this review focuses on the most commonly applied passive sampling 
device, polar organic chemical integrative sampler (POCIS), for monitoring of PPCPs in an 
aquatic environment with emphasis given to the theory, main components of passive 
sampling devices, methods of calibration, and their application. Finally, the analytical 
performance (i.e., deployment time, and the measured concentration of the analytes) of 




The increasing water system contamination by different organic components has been 
increasingly observed in the past several decades. Pharmaceutical and personal care products 
(PPCPs) are typical organic compounds considered as emerging contaminants due to their 
unknown adverse effect on human health [1-3]. The increasing presence of PPCPs in the water 
system is mainly attributed to the fast production by industries and use by humans, with the 
subsequent release to the aquatic environment. PPCPs include pharmaceuticals, typically 
synthetic and natural chemical compounds used to prevent or treat human and animal diseases 
such as antibiotics, drugs, hormones, endocrine and disrupting chemicals, and their metabolites 
and transformed products. In addition, PPCPs can also involve personal care products used to 
improve the quality of human’s daily life, such as soaps, lotions, fragrances, toothpaste, sunscreen, 
etc. [4-6].  
The occurrence of PPCPs in the environmental water is mainly associated with 
anthropogenic activities. PPCPs are generally excreted by humans and livestock and can 
eventually enter wastewater treatment plants through the sewage system. However, PPCPs can 
also be released from waste disposal of the PPCPs during their manufacturing process and the 
washing of unused or expired medications and externally applied PPCPs. Some PPCPs are 
persistent and therefore cannot be easily degraded during the water treatment process. These 
types of persistent PPCPs cannot be easily separated and can eventually enter the ground and 
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surface water following the release of the wastewater from the wastewater treatment plants [3, 
4, 7-9]. The concentration of PPCPs in ground and surface waters can range from ng L–1 to g L–
1 and its subsequent impact on the quality of water and thus, the aquatic organisms depend 
significantly on the pollution level. While studies have not fully revealed the evidence on the 
adverse human health effects, current research has indicated that PPCPs in the water can 
negatively impact aquatic organisms [5, 10]. Therefore, their continuous monitoring of 
environmental water is of utmost importance in understanding their environmental paths and 
assessing the risk to aquatic organisms and humans. 
Significant advancement in analytical instruments has made it possible to detect the PPCPs 
in the environmental water despite their very low concentration [11, 12]. However, most routine 
monitoring procedures depend on the discrete active sampling technique, which involve the 
infrequent (typically daily) collection of low-volume (~ 1 L) spot (bottle or grab) samples of water 
which have been recognized with some shortcomings [12-14]. In a water system with high 
variation of PPCPs concentration, discrete active sampling often results in an incomplete picture 
of pollution conditions as the spatial and temporal pollution is often missed. Some efforts had 
been reported to address this problem, i.e., a higher frequency of active sampling (composite 
sampling) and an increase in the number of sampling sites to increase the probability of catching 
the variation in the spatial and temporal concentration of PPCPs [15]. These techniques will 
therefore provide a more comprehensive picture of the condition of the water system. On the 
other hand, in a water system with a low concentration of PPCPs, large volumes of samples must 
be collected and transported to the laboratory for the subsequent pre-treatment, pre-
concentration, and analysis [16-19]. Despite resulting in more reliable monitoring data, these 
sampling techniques require high-intensity travel to the sampling location and the increasing 
number of samples requiring analysis which substantially contribute to increasing the total 
monitoring cost of PPCPs in a water system. 
Another alternative technique to improve monitoring data quality is based on autosampler 
use, which could be installed at several sampling sites and programmed to automatically and 
continuously collect water samples at a predetermined interval time. This sampling is known as 
continuous active sampling, and the subsequent analysis of the collected water samples in the 
laboratory provides high-frequency data points, which increases the likelihood of capturing the 
intermittent pollution events [17, 19-21]. While this technique provides significantly lower labor 
costs as automatic samplers reduce the intensity to travel to the sampling sites, the main 
disadvantage of autosampler is the high cost of the sampling device and the potential issues with 
power failure, software difficulties and vandalism. Thus, this sampling technique is deemed 
unsuitable for routine field monitoring of PPCPs in the aquatic system. Table 1 provides the 
overview of the inherent pros and cons of the currently available sampling techniques. 
 
Table 1. Overview of the inherent pros and cons of the currently available sampling techniques 
 Discrete spot 
sampling 
Continuous sampling Passive 
sampling  
Need for secure location N Y N 
Need for autosampler N Y N 
Cost-effective N N Y 
Loss of analytes during transport Y Y N 
Detection of spatial and temporal 
pollution events 
N Y Y 
Require large volume of water 
sample 
Y Y N 
Y: yes, N: no 
 
Alternative monitoring techniques using passive sampling devices have been proposed to 
overcome some of these difficulties associated with the previous sampling strategies [19, 21, 22]. 
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Passive sampling is based on the continuous accumulation of analyte in the receiving phase of a 
passive sampler (PS) deployed in the water system for a certain period ranging from days to 
weeks. Under such conditions, the determination of time-weighted average concentration 
(TWA) of PPCPs can provide a better water system condition. The passive sampling technique 
offers significant advantages compared to active sampling as it combines sampling, preservation, 
and pre-treatment into just one step and thus simplifies the analytical procedure and reduces the 
total cost of monitoring [22-24]. The present review summarizes the current literature on 
applying passive sampling techniques in monitoring PPCPs in the water matrix, emphasizing the 
period between 2016 and 2020. More importantly, this review focuses on the most commonly 
applied passive sampling devices for monitoring of PPCPs in the aquatic environment which is 
polar organic chemical integrative sampler (POCIS) with emphasis given to the theory, main 
components of passive sampling devices, methods of calibration, and their application. Finally, 
the analytical performance (i.e., sampling rate, deployment time, and the measured concentration 




We perform the literature survey in the web of science database, primarily using the 
keywords: “passive sampling.” We then limit our search into the passive sampling based on the 
use of “POCIS” to sampling “pharmaceutical and personal care products.” We select articles from 
journals and conference proceedings and then read the abstract and the introduction of the paper 
to identify papers that use these samplers to sampling the PPCPs in the water system. We limit 
the literature search between 2016 and 2020 and then select the work according to the passive 
sampling type, POCIS. We obtain 19 articles describing the application of POCIS to monitor 
PPCPs in the water system.  
 
PASSIVE SAMPLING: THEORY AND CALIBRATION 
Passive sampling has been generally defined as “any sampling technique based on free flow 
of analyte molecules from the sampled medium to collecting medium, as a result of a difference in 
chemical potentials of the analyte between the two media” [17]. A PS is generally made of two 
main components, a semipermeable membrane barrier and a receiving phase, although in some 
cases, a membrane filter is added to filter the fine particles and protect the semipermeable 
membrane barrier from the direct growth of biofilm. While the membrane barrier separates the 
receiving phase from the sampling medium and allows the analyte(s) to diffuse, permeate, or 
chemically transported through to the receiving phase, the receiving phase serves as the site for 
the continuous accumulation of the target analyte(s) during the deployment period of the PSs [21, 
25]. The whole monitoring process using PSs involves the preparation and deployment of PSs, the 
continuous accumulation of analytes in the receiving phase of the PSs, the retrieval and transport 
of the PSs from the field to the laboratory where the analyte can be chemically stripped from the 
receiving phase (solid) or can be directly analyzed (liquid receiving phase) to determine the TWA 
concentration.  
The passive sampling technique was introduced three decades ago, and since then, several 
review papers have been devoted to addressing the significant improvement and the ideal 
standard of the passive sampling technique [26-28]. Some papers were dedicated to reviewing the 
sampling of organic compounds, including PPCPs [18, 19, 29-31]. Unlike discrete and continuous 
active sampling, passive sampling does not involve collecting and transporting a water sample to 
the laboratory. Instead, passive sampling involves deploying PSs in the water system over a 
certain period during which the analyte(s) are continuously accumulated into the sampler 
collection media. Passive sampling also simplifies the overall analytical process as it combines 
sampling, separation, and pre-concentration of the analyte(s) into one step in-situ. The analyst is 
only required to deploy and collect the PSs from the sampling site, thus significantly reducing the 
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need for frequent travel to and from the sampling sites. This technique considerably reduces the 
overall cost of the monitoring program. 
 
The accumulation of analyte in the receiving phase of a PS has been described to follow a 





(1 − 𝑒−𝑘2𝑡)         (1) 
where CS(t) is the concentration of the analyte in the receiving phase of the PS at deployment 
time t, CW is the concentration of the analyte in the sampled medium, and k1 and k2 are the 
uptake and offload rate constants, respectively [21]. PSs can be separated into kinetic and 
equilibrium types of passive sampling (Figure 1). An equilibrium PS is dependent on the 
establishment of the thermodynamic equilibrium of the analyte between the sampler and the 
surrounding sampled medium. Thus, the analyte’s partition coefficient between the sampler’s 
receiving phase and the bulk sample is a prerequisite when using this sampling method. In this 





=  𝐶𝑊𝐾          (2) 
K is the partition coefficient of the analyte between the receiving phase and sampled medium. 
When using the equilibrium PSs, it is essential to ensure that the equilibrium can be achieved in 
a short period of deployment time (i.e., shorter than the fluctuation in the concentration of the 
target analyte(s) occurring in the sampled medium) [21, 32]. Furthermore, the capacity of the 
sampler must be relatively lower compared to the amount of analyte present in the sampled 




Figure 1: Operating regimes of passive sampling (kinetic or equilibrium). Figure 1 was 
reproduced from [32] with permission American Chemical Society 
 
In the kinetic regime, the accumulation rate of the analyte(s) in the sampler’s receiving 
phase is linearly proportional to the difference between the chemical potential of the analyte 
between the sampled medium and the receiving phase [25, 33]. Under this condition, the 
accumulation of the target analyte(s) in the receiving phase is integrative. Therefore, it is not 
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susceptible to fluctuations of the analyte(s) concentration during the deployment compared to 
the equilibrium-based PSs [19]. As the accumulation of the target analyte(s) is integrative, the 
determination of the time-weighted average (TWA) concentration of the target analyte(s) during 
the deployment period is possible [18], which are more representative of pollution levels in 
comparison to those obtained from the previously mentioned types of sampling [28, 34]. Under 
this condition, the relationship between the amount of analyte(s) accumulated in the receiving 
solution and the actual concentration in the sampled medium can be described using the 
following equation [21, 28]: 
𝑀𝑠(𝑡) = 𝐶𝑤 𝑅𝑠𝑡          (3) 
Ms is the mass/amount of analyte accumulated at time t, CW is the concentration of the analyte 
in the sampled medium or TWA, Rs is the proportionality constant (sampling rate), and t is the 
deployment time. While there are sampling devices that can work in both regimes, most of the 
PSs are operating in the kinetic regime, and by knowing all the parameters as mentioned earlier, 
the TWA concentration of the target analyte(s) in the sampled medium can be estimated. 
However, the Rs can be significantly influenced by environmental factors such as temperature, 
matrix composition, flow pattern, and biofouling and thus will impact the subsequent estimation 
of the TWA concentration during the deployment period. Therefore, the PSs should be 
experimentally calibrated before deployment, and the Rs obtained from the calibration can be 
subsequently used to estimate the TWA concentration of the target analyte(s). The calibration 
of passive sampling can be performed either in-situ under actual environmental conditions or in 
the laboratory under controlled conditions [29, 35]. The sampling rate of the analyte between the 
receiving phase and the sampled medium generated from either of the calibration techniques can 
then be used to estimate the TWA concentration of the analyte(s) in the water system [18, 26]. 
Ensuring that all the factors affecting the diffusion of the analyte to the receiving phase during 
the calibration and match the potential environmental conditions during the deployment of the 
PSs is essential to achieve a reliable TWA estimation. There have been several different 
laboratory-based calibrations, including static renewal, static depletion, flow-through system, 
and PRC based calibration, as has been described by Harman et al. [18], Męczykowska [36], and 
Křesinová et al. [37]. 
 
POLAR ORGANIC CHEMICAL INTEGRATIVE SAMPLERS (POCIS) 
 
POCIS was first introduced in 2004 by Alvarez et al. Since then, POCIS have been widely 
applied for monitoring of over 300 compounds, particularly those with at least one functional 
group such as pesticides, pharmaceuticals (antibiotics, drugs, hormones), personal care products, 
surfactants, flame retardants, and their corresponding metabolites and transformation products 
[37-39]. POCIS for monitoring of PPCPs are generally comprised of a solid receiving phase (mainly 
HLB) which was sandwiched between two identical diffusion-limiting membranes (usually PES) 
held together between two stainless steel rings (Figure 2). Unlike the other two samplers, which 
allows the accumulation of analytes from only one single side, POCIS, by having two sides of 
diffusion-limiting membranes being in contact with the sampled medium, allows a maximized 
contact surface area with the water system and thus maximizing the amount of analyte(s) 
diffused and accumulated in the receiving phase. The correlation between the amount of 
analyte(s) accumulated in the solid receiving phase and their corresponding concentration in the 
sampling sites of the water system (CPOCIS) can be described based on the previously calibrated 





          (4) 
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where MPOCIS is the mass of each target analyte (s) in the receiving phase after the deployment 
time (t), and Rs is the sampling rate of the target analyte (s). 
 
 
Figure 2. Schematic diagram of a POCIS PS’s key components. Figure 2 was reproduced from 
[25] with permission from Elsevier. 
 
Among other PSs, POCIS has been the most commonly used sampler for monitoring PPCPs 
in different water systems, with 19 articles published between 2016 and 2020. Table 2 indicates 
that POCIS with PES and HLB has been the dominant combination of diffusion-limiting 
membrane and receiving phase used to monitor PPCPs. Challis et al. successfully used the POCIS 
with PES and HLB disk to monitor pharmaceuticals in natural surface waters and demonstrated 
that the estimated concentration was comparable to those obtained from organic-DGT and active 
sampling [40]. Likewise, Guibal et al. utilized POCIS with similar components for semi-
continuous measurement of pharmaceuticals and human tracers in agricultural, rural headwater 
rivers [41]. 
The advantage of using PES membrane has been due to its high stability and high resistance 
under acidic, alkali, and electrolyte environment and stability under a wide range of pH from 2 to 
13, thus making it suitable for deployment in a variety of environmental waters. In addition, the 
PES membrane used in POCIS is not transparent, and thus the photodegradation of either the 
receiving phase or the PPCPs during the deployment and retrieval of the POCIS can be prevented. 
PES is also known for its ability to restrict the diffusion of hydrophobic compounds while 
allowing only hydrophilic compounds, particularly with octanol-water partitioning coefficients 
(log Kow) less than four [37]. As the hydrophobicity increases, the compound of interest usually 
undertakes lag-effect during the initial deployment time of POCIS, affecting their total 
accumulation and thus the prediction of the corresponding concentration in the water system 
[42]. A nylon-based diffusion-limiting membrane has been proposed to improve the performance 
of POCIS for a sampling of more hydrophobic compounds, and it has been termed NOCIS [42, 
43]. This technique expands the application for POCIS for more hydrophobic compounds, which 
could not be adequately accumulated using PES membranes but are toxicology and 
environmentally relevant. However, the main drawback of the nylon diffusion-limiting membrane 
is associated with its larger pore size, which may increase the sampling rate and thus shorten the 
linear accumulation time [42].  
Regarding the receiving phase, HLB sorbent has become the most commonly selected 
receiving phase for monitoring PPCPs in water systems due to its excellent suitability for binding 
with hydrophilic compounds. However, several different binding phases have also been proposed 
for PPCPs with specific properties. Carpinteiro et al. and Mijangos et al. proposed the use of ion 
exchange sorbent including Strata X-CW for monitoring four pharmaceuticals (carbamazepine, 
diclofenac, metformin, sulfamethoxazole) in river water [44] and Strata X-AW for monitoring of 
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hormones, stimulants, and sweeteners in seawater [43]. In addition, some other solid sorbents 
such as Dowex Optipore L-493 [42] and the copolymer of poly(divinylbenzene)-N-
vinylpyrrolidone [15] have also been proposed for use as the binding phase in POCIS for 
monitoring of PPCPs in a water system. 
The estimation of the PPCPs concentration in a water system using POCIS has been chiefly 
based on sampling rate (Rs) obtained from laboratory-based calibration. This type of calibration 
is deemed convenient as the experiments can be carried out under controlled laboratory 
conditions, and less environmental-based experiments must be performed. However, under an 
extreme case where the environmental conditions such as flow pattern, ionic strength, and 
temperature were unpredictable and could not be adequately mimicked in the laboratory, an in-
situ calibration is required. Li et al. investigated the sampling rates of pharmaceutical residues 
using laboratory calibration and compared them with the field sampling rate obtained from in-
situ calibration. The research indicated that the field sampling rate was lower than the laboratory 
sampling rate, with a ratio of Rs(lab) over Rs(field) within the range of 1.38 to 4.75 [45]. This 
difference was mainly due to the difference in the flow pattern between both calibration 
conditions. The artificial and continuous flow pattern during the laboratory calibration 
contributed significantly to the increase in the accumulation rate of the analytes compared to that 
of the field-based calibration. In this context, in-situ calibration can be used to generate the 
analyte sampling rate for a specific site which can then be used to estimate the analyte(s) 
concentration free of the environmental effects [46, 47]. However, this calibration technique 
comes with its limitation as it requires extra works to be performed in the field, thus contributing 
to the higher total cost of monitoring. Another approach to eliminating the effect of the difference 
between the laboratory calibration conditions and the conditions during field deployment of 
POCIS is to use a performance reference compound (PRC) based sampling rate. The PRC was 
spiked into the receiving phase of the sampler, and the PRC dissipation rate during the field 
deployment can then be used to compensate for environmental factors. This approach has been 
used by Carpintiero et al. for monitoring of pharmaceutical contaminants in river water [44] and 
Sultana et al. for monitoring of PPCPs from a water treatment plant in lake water [48].
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Monitoring of pharmaceutical residues and 
their transformation products in the marine 
environment 
PES/HLB Laboratory (static 
renewal) 
Rs: 0.195–0.971 L day–1 
Recoveries:  94% 
30 [16] 
Monitoring of pharmaceutical contaminants 




In-situ using PRCs Rs: 0.120–0.260 L day–1 
 
21 [44] 
Determination of pharmaceuticals in water 
for human consumption 
PES/HLB Laboratory (flow-
system)  
Rs: (0.032  0.006)–(0.218 0.043) L 
day–1  
28 [49] 






Laboratory  Rs: 27–4300 mL day–1 4 [42] 
Monitoring of steroid hormones in 
wastewater 
PES/HLB In-situ Rs: 0.04–0.10 L day–1 14 [47] 
Monitoring PPCPs from the water treatment 
plant in lake water 
PES/HLB PRC based calibration Measured concentration for 
pharmaceuticals: <18 ng L−1 
Measured concentration for 
sweeteners: sucralose 128 to 213 ng 
L–1 and acesulfame 4 to 33 ng L–1 
Rs field is higher compared to Rs 
calibration by 31 to 58% 
14 [48] 
Long-term monitoring of illicit and 
prescription drugs in wastewater 
PES/HLB In-situ Rs: 0.023 and 0.192 L day–1 
Variability TWA concentrations of 
pharmaceuticals ranged between 
25.9 and 46.7% 
28 [46] 
Assessment of pharmaceutical in river water PES/copolymer of 
poly(divinylbenzene-
N-vinylpyrrolidone 
Rs were adapted from 
previous literature and 
compared with in-situ 
calibration 
Rs field: 0.09–0.22 L day–1 14 [15] 
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Monitoring of pharmaceutical removal in 
surface water using wetlands 
PES/HLB Rs were adapted from 
previous literature  
- 14 [50] 
Monitoring of pharmaceuticals in natural 
surface water and comparison of its 
performance with organic-DGT  
PES/HLB Rs were adapted from 
previous literature  
The measured concentration of the 
pharmaceuticals was comparable to 
those of the organic-DGT 
21 [40] 
Semi-continuous measurement of 
pharmaceuticals and human tracers in 
agricultural rural headwater river 
PES/HLB Laboratory (artificial 
flow-system) 
Total 23 compounds were 
detected/quantified out of 37 
targeted 
14 [41] 
Monitoring the presence of PPCPs in the lake 
and river water 
PES/HLB Rs were adapted from 
previous literature  
97 chemicals were detected using 
POCIS 
14 [51] 
Selection of PRCs for monitoring of 
pharmaceuticals and the transformation 
products in wastewater treatment plant 
effluent 
PES/HLB PRC based calibration 
(laboratory and in-situ) 
Rs: 0.031 to 0.559 L day–1 
Linear uptake with R2 range from 
0.944–0.998 
Field Rs values were lower than 
laboratory Rs by a factor of 1.5–4.75 
14 [45] 
Monitoring the concentration of hormones, 






Rs: 2.7–491 mL day–1 14 [43] 
Evaluation of the flow-effect on the accuracy 




Rs were adapted from previous 
articles. 
PRC approach was unsuitable for 
improving POCIS’ estimated 
concentration 
7 [52] 
Measuring the occurrence of antibiotics in 
surface water 
PES/HLB Laboratory (static 
renewal) 
Rs: 0.031–1.09 L day–1 
The maximum antibiotic detected 
during the sampling period was 25 
ng L–1 
36 [53] 
Estimation of pharmaceutical sampling rates 
in artificial river water 
PES/HLB Laboratory (flow-
system) 
Rs: 0.101–0.539 L day–1 21 [54] 
Evaluation of PPCPs concentration in 
drinking water 
PES/HLB Laboratory (static 
renewal)  
Rs: 0.086  0.018–0.752  0043 L 
day−1 
60 [55] 
PES: poly(ether sulfone), HLB: hydrophilic and lipophilic balance, Strata X-AW: mixed-mode anion exchanger, Rs: sampling rate. 
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CONCLUSIONS AND FUTURE PERSPECTIVES 
 
PPCPs have recently been considered an emerging type of pollutants due to their unknown 
adverse effects on human beings. Thus, their continuous monitoring in the water system is of 
utmost importance. In this context, a reliable sampling technique is essential to identify point 
source of pollution and provide the environmentally reliable and relevant concentration of PPCPs 
for the management of the water system. While the continuous progress on passive sampling for 
monitoring PPCPs particularly the use of is promising, it is clear that there is no single membrane 
barrier type or receiving phase well-suited for all the compounds included PPCPs. Considering 
the wide variety of PPCPs compounds, a careful selection of membrane barrier type or receiving 
phase is essential to suit the type of analyte and the conditions of the sampling sites.  
To date, POCIS is the most selected passive sampling technique for monitoring of PPCPs, 
although the research on the use of other types of passive samplers such as DGT and 
Chemcatcher® for the sampling of PPCPs is also gaining significant interest in the past several 
years. This review indicated that PES and HLB are the most commonly used membrane barrier 
and binding phase of POCIS in monitoring PPCPs water system. In addition, laboratory-based 
calibration is still considered suitable for PPCPs, although, under specific environmental 
conditions, in-situ or PRC-based calibrations are required to account for the effect of 
environmental factors. With the wide variety of PPCPs compounds and the flexibility to select 
membrane barrier and receiving phase of the three different PSs to target specific PPCPs 
compounds, it is therefore anticipated that the research on the three PSs for monitoring of PPCPs 
will continue to grow exponentially. In addition, continuous efforts to eliminate environmental 
factors on passive sampling results are also necessary to ensure the reliability of the data 
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